Background: The prevalence of visual impairment and of impaired functional reading ability rapidly increase with age. However, functional reading ability is essential for an autonomous lifestyle. We analyzed the prevalence of impaired functional reading ability in the general elderly population and the association of impaired functional reading ability with quality of life, daily activities, mobility, and social participation. Methods: Cross-sectional data from a population-based cohort were analyzed. Participants aged ≥65 years were tested for their functional reading ability using (1) Nieden charts (cognitive reading ability) and (2) a test in which a telephone number had to be found (reading comprehension). Prevalences of impaired functional reading ability were calculated. In multivariable regression models, the associations of cognitive reading ability (1) with quality of life, daily activities, mobility, and social participation were examined. Results: 60 of 780 participants (7.69%) were able to read the third last text of the Nieden test (good cognitive reading ability), whereas 7 participants (0.9%) were unable to read any of the texts. 716 participants (91.8%) identified the phone book entry successfully (good reading comprehension). Multivariable regression models revealed no significant associations of the cognitive reading ability (1) with quality of life, daily activities, social participation, and mobility. Conclusion: Our results showed a high prevalence of impaired cognitive reading ability (1). Reading comprehension (2) was slightly affected. The loss of cognitive reading ability usually progresses over years; signs and symptoms might remain unrecognized when compensated by other functions.
Background
A key determinant of a self-determined and autonomous lifestyle of elderly people is health. The World Health Organization (WHO) developed the International Classification of Functioning, Disability and Health (ICF) to comprehensively describe the functional health status of individuals [1] . The ICF consists of two parts: a. functioning and disability and b. contextual factors. Physical functions are a component of the first part. Vision is listed in the section of sensory abilities (of the physical functions) in the ICF.
The risk of impaired vision increases with age [2, 3] . In Germany, 37% of the women and 29% of men aged ≥65 years report vision problems or blindness (assessed via CATI: computer assisted telephone interviewing). Participants were asked if they: a) can read a printed newspaper, and b) can recognize the face of a person 4 m away, e.g. across the street (if necessary with the help of a viewing aid). [4] . Study data from other countries are partially similar, e.g. for Poland (30.8% of the persons ≥60 years reported visual impairment) [2] . For other countries, a lower prevalence is shown. In the USA 14.4% of the ≥60 years were visually impaired [5] . A British investigation yielded prevalences of visual impairment between 12.4 and 19.9% of those aged ≥75 years depending on the definition adopted [6] . The prevalence in women was higher than in men of similar ages in all mentioned studies.
Impaired vision can affect health, daily activities, and social participation [7, 8] . Visual impairment is associated with a higher number of falls [9, 10] , limited mobility [11] , worse balance, fall-related hip fractures [12, 13] , a poorer healthrelated quality of life [14] and a higher rate of physical and mental comorbidities [15] . These associations work both ways -and the direction of causality is not easy to assess.
The ability to read is an important determinant for an independent and autonomous life style, not only for the elderly. This includes not only the visual acuity, but also the functional ability to understand and interpret the content of written text. Impaired functional reading ability (measured by a functional vision questionnaire) influences balance and mobility [16] and often leads to restrictions in daily activities and social participation.
In this analysis, we examined the prevalence of impaired functional reading ability in general older adults in the northeast of Germany and its association with daily activities, quality of life, mobility, falls, and social participation.
Methods

Data and measurements
The data for this analysis were retrieved from the Study of Health in Pomerania (SHIP). SHIP is a populationbased cohort study conducted in the region Western Pomerania in the northeast of Germany. Goal of the SHIP-study is to find prevalences of diseases, functional limitations and risk factors as well as associations and causalities between risk factors and diseases and functional limitations. At baseline (1997) (1998) (1999) (2000) (2001) , a representative sample of 4308 participants was examined. The baseline assessment contended of a range of interviews, self-reported questionnaires, and physical examinations. All participants aged ≥65 years (n = 780, mean age 72.8 ± 5.9 years) underwent a standardized investigation of their functional reading ability. Other relevant factors for this analysis were obtained from self-reported questionnaires (quality of life, falls, mobility, daily activities) and structured, computerbased interviews (social participation, cognition) using standardized questionnaires. After the baseline assessment, 5 and 10 year follow-up examinations were conducted. All participants gave informed consent to the study and scientific use of the data. The study was approved by the ethics committee of the University Medicine Greifswald. More details on the design and contents of the SHIP cohort study are published elsewhere [17] [18] [19] [20] [21] [22] . The data for this analysis were retrieved from the 10-year follow-up of the SHIP cohort study.
Functional reading ability
The assessment of the functional reading ability included two tests: (1) Nieden's reading charts [23] for the assessment of cognitive reading ability (composed of reading acuity and reading speed), and (2) finding and reporting a pre-determined entry on a phone book page to assess the reading comprehension. The Nieden reading charts are a well-known instrument in everyday clinical practice. They are not often used for scientific analyses. However, they offer the possibility to measure the cognitive reading ability.
(1) Nieden's reading chart was placed at a reading distance of 40 cm (15.75 in.) [24] (2) Secondly, reading comprehension was tested. One page of the local phone book was presented. The participants had to find the phone number of a defined general practitioner. The entry of name and telephone number was printed in font Arial Narrow in font size 7 pt.
Throughout both examinations the participants were asked to use viewing aids (e.g. reading glasses or lens) in case of refractive correction.
Quality of life
Quality of life was assessed via the German Version of the SF-12 questionnaire [25] [26] [27] [28] [29] , a validated and reliable instrument to measure physical and mental factors of quality of life.
Daily activities, social participation, mobility, and falls
The questionnaires on daily activities, social participation and mobility were developed specifically for the SHIPstudy. Seven aspects of daily activities were assessed in the survey: the participants were asked if they were able to: (1) go shopping independently, (2) handle their own financial affairs, (3) watch TV, (4) cross busy roads alone, (5) write a letter or postcard, (6) read a newspaper or magazine, (7) conduct simple crafting activities (e.g. sewing a button, hammering a nail). The participants could choose from three response options: 'often' , 'sometimes' or 'never'. If any of the responses to the seven items was 'never', the observation was defined as a restriction of daily activities, all other response sets were rated as 'not restricted'. Based on the responses, a score for everyday activities was calculated. Three points were assigned to 'often' , two points to 'sometimes' , and one point to 'never'. The sum score of all seven questions ranged from seven to 21 points.
Eight items were used to assess social participation. The participants were asked whether they visited a sports club, a sports group, a hobby club or a health support group, had professional contacts, participated in church activities, participated in other groups or clubs (yes or no) or visited public events (often, sometimes or never). Not limited in social participation was defined if at least one all of eight items were answered with 'yes' or 'often' or 'sometimes'. Observations with all eight items 'no' or 'never' were classified as 'limited'.
Mobility was assessed by the participants' use of different modes of locomotion (bike, moped, car, taxi, public transport, walking), as well as to the question whether they were usually accompanied or unaccompanied when they left their home. No restrictions in mobility were assumed if participants at least used one modus of locomotion and a person reported to go out unaccompanied. Mobility was considered restricted, if participants could only leave their home when accompanied, or when no means of locomotion were used (including no walking).
Falls were addressed by the question whether the participants had experienced at least one fall during the last 12 months.
Cognition
Assessment of cognition was performed with the Mini Mental State Examination (MMSE) [30] . The MMSE includes 23 items which aggregate to a maximum score of 30. MMSE is a widely used and valid instrument for measuring cognitive performance [31] [32] [33] [34] .
Statistical analyses
The characteristics of the participants and the prevalences of cognitive reading ability (1) and reading comprehension (2) were analyzed with descriptive statistics. Bivariate correlations were calculated between quality of life, daily activities, mobility, social participation and cognitive reading ability (1), and reading comprehension (2), respectively, using Pearson product-moment, Spearman's rank correlation coefficients, or a point biserial correlation dependent on the measurement scale.
Multivariable regression models were fitted to examine the relation of impaired cognitive reading ability (dependent variable) with quality of life, daily activities, social participation, and mobility (independent variables). Because of the distribution skewness of the values for cognitive reading ability, an additional sensitivity analysis with 3 categories (poor, moderate, and good cognitive reading ability) was performed. Another sensitivity analysis was carried out with other cut-off values for restrictions in daily activities.
All analyses were calculated with Stata Statistical Software, Release 14.1, StataCorp 2015.
Results
Descriptive statistics
We identified N = 780 participants of the SHIP-2 population who were 65 years of age or older (mean age 72.82 ± 5.91 years). Table 1 provides a summary of their basic characteristics. The gender ratio is near-balanced, the level of education was slightly lower in women.
Restrictions in social participation occurred more often in females. Women reported falls more often, whereas men experienced restrictions in daily activities more often. On average, the score of the MMSE in men (27.98 ± 2.18) and women (28.02 ± 2.00) was high and very similar between the sexes. In total, 91.1% of the participants had no limitation in mobility.
Functional reading ability
Functional reading ability was assessed on the basis of 2 examinations in 748 of 780 participants. Corrective lenses were used by 91.2% (n = 682) of the subjects during the examinations. Table 2 shows the results of both parts of the examination.
Cognitive reading ability
Overall, 7.69% of the participants (n = 60) were able to read until text no. 3 within the maximum time of 30 s per text (good cognitive reading ability). Three participants were able to read the text with the smallest font size and the second smallest text was readable for two other participants (together 0.64%). 0.90% of the participants (n = 7) were unable to read any text. 
Reading comprehension
91.79% (n = 716) of the participants were able to find the predefined telephone number on the phone book page. The mean time to identify the phone number was 30.8 ± 35.25 s (median 20.00 s) with a range of 2 to 287 s. There were no differences by sex with respect to finding the telephone number but men needed more time on average. Table 3 and Fig. 1 show the results of functional reading ability by age. Increasing age was associated with a reduced maximum number of readable texts. However, this was not consistent with the results of the reading comprehension test. Participants who found the phone number were able to read texts in smaller font size on average.
Bivariate correlations
A positive bivariate correlation was found between reading comprehension and cognitive reading ability (coefficient: 0.35, p < 0.001). No significant associations were found between reading comprehension and quality of life, daily activities, mobility, social participation, and education.
The ability of reading text in smaller fonts was associated with a higher level of education (R S = 0.24, p < 0.001), a higher score in MMSE (R S = 0.22, p < 0.001) and fewer restrictions in daily activities (R S(bis) = 0.22, p < 0.001). Numerically weak but statistically significant correlations were found between cognitive reading ability and the physical component of quality of life (R S = 0.16, p < 0.001) and between cognitive reading ability and mobility (R S(bis) = 0.14, p < 0.001).
Multivariate regression models
Quality of life Table 4 shows the results of the multivariate regression models for quality of life. Having a better cognitive reading ability was not a significant determinant for a better physical component of quality of life. Increasing age, falls in the previous 12 months, and limited mobility were negative determinants for the physical component of quality of life. A higher score for daily activities improved the physical component of quality of life.
The multivariable model for the mental component of quality of life also showed no significant influence of cognitive reading ability. A greater ability to perform daily activities increased mental quality of life. Being female was associated with a lower mental quality of life and with having falls. 
Daily activities, social participation and mobility
To investigate whether a better cognitive reading ability is a determinant for having no restrictions in daily activities, social participation, and mobility, three multivariable logistic regression models were calculated. The results are shown in Table 5 .
The chance not to be restricted in daily activities increases with a better cognitive reading ability. Being female, have a better MMSE score and no falls during the last 12 months were determinants for no restrictions in daily activities.
There was no significant influence of cognitive reading ability on social participation. The chance of being not limited in social participation was better with higher education (> 10 school years) and with no restrictions in daily activities.
Not being restricted in daily activity is a significant determinant for mobility (OR 6.94, p < 0.001).
Sensitivity analysis
To take the skewness of the values of the cognitive reading ability into account, participants were assigned to three categories in an additional sensitivity analysis. The first group included subjects with severely impaired cognitive reading ability (not able to read any text or able to read texts no. 7 or no. 6, n = 197) only. The second group included subjects with cognitive reading ability for texts no. 5 and 4 (n = 491, moderate cognitive reading ability). The third group (n = 60) consisted of individuals who were able to read the texts no. 3, 2 or 1 (good cognitive reading ability). The ability to perform daily activities was significantly associated with moderate cognitive reading ability (OR 1.73, p = 0.023).
Another sensitivity analysis was carried out with another cut-off value for restrictions in daily activities. Participants were defined as restricted in daily activities if they never did at least two of the given activities. However, since only n = 19 participants (2.44%) were restricted according to this cut-off value, no further statistical analysis was conducted with daily activities as dependent variable. If the additional classification is included into the regression models as an independent variable, restrictions in daily activities are a determinant of restrictions in mobility (OR 10.57; 95% confidence interval: 2.67, 41.86; p = 0.001).
Discussion
To investigate cognitive reading ability, Nieden's near vision reading charts with two measurement dimensions were used. It has previously been shown that standard single-optotype acuity charts offer only limited potential to evaluate reading ability [35, 36] . The advantage of reading charts is their ability to provide valid measurements of reading ability parameters [37] . In comparison to a single-optotype acuity chart, reading charts resemble the reading behaviour in daily life more closely. A healthy eye should be able to read Nieden 1 (text with the smallest font size and the highest number of words). In case of tiredness or distraction, a maximum of reading texts 2 and 3 is still acceptable. In this study only 7.69% (n = 60) of the participants were able to read texts 1, 2 or 3.
The results of the sensitivity analysis (using three categories of cognitive reading ability) show a positive effect of higher reading ability on performing daily activities. 5.0% (n = 37) of the participants had corrective lenses in daily life but did not use them in the functional reading ability examination. It can be assumed that subjects could have read smaller texts if they had used their glasses. An improvement would also have been likely if more than 30 s time had been allowed.
Loss of reading ability is a slow and progressive, agerelated process and individuals may not be aware of changes in their sight. In addition, some degree of loss may be compensated for and thus may not impact the quality of life, daily activities, social participation and mobility. The ability to perform daily activities is a key indicator for an autonomous lifestyle. The ability to perform daily activities is influenced by cognitive ability, social participation, mobility and falls during the last 12 months. In the multivariable models, age was not associated with the performance of daily activities in this study; this may at least partly be explained by a cohort effect: this means that the study population is on average healthier than the general population. In addition, the MMSE measure appears to be less suitable for detecting mild cognitive impairment [38] because of its ceiling and bottom effects [32] .
Previous studies have investigated (near) visual acuity in relation to various outcome factors. The results of a cross-sectional study of visually impaired participants ≥55 years showed no association for severity, duration and primary cause of visual impairment with social participation [39] . However, in a study among communitydwelling elderly aged ≥65 years, Desrosiers et al. found that visual impairment was related to lower levels of participation of those affected compared to subjects without visual impairment. However, visual acuity did not [8] . Similarly, Crews et al. showed that older people with visual impairment, defined as blindness in one or both eyes or having trouble to see even with glasses, had a lower level of participation and they wished to have a higher level of social activity compared with those who were not visually impaired [7] . In further studies, an association between visual impairment and social participation could not be shown [39] . Aartolahti et al. assessed functional vision based on a functional vision questionnaire. They also assessed cognition by the MMSE and found a lower cognition in participants with low functional vision compared to those with moderate or good functional vision [16] . This is in accordance with the positive association of MMSE score and reading ability in our analysis. Cognition is important for mobility performance, whereas visual acuity, contrast sensitivity or dynamic vision were not associated with the mobility performance, as identified by Patel et al. [40] .
Functional reading ability in the general elderly population has been rarely examined so far. In the Salisbury Eye Evaluation (SEE) reading speed and having difficulties to read a newspaper were evaluated. Reading speed in this study ranged from 169 to 174 words per minute [41] . Text no. 1 in this study (text in smallest font size and with most words) consisted of 69 words (time limit: 30 s). Other studies use standardized reading speed tests [35, 42, 43] . However, the rate of word reading is not fully comparable with the ability to recognize words and understand the meaning of the text.
Selection effects might have biased the results. The participants of this cohort study had to visit the examination center in person and had to conduct a comprehensive examination program. People with limitations in mobility or cognition or illiterate persons were presumably less likely to travel to participate.
Conclusion
The prevalence of reduced functional reading ability was high in the elder age groups in the general population. However, the impact on daily activities, social participation, mobility, and quality of life was limited in the study population. Further research is needed and planned, including populations with a wider range of comorbidity, and different degrees of frailty. 
